Three experiments were conducted on Martina Franca jennies. Experiment 1 tested Wood's model for evaluating the lactation curve. Data from the entire lactation period of 12 jennies were used. The results showed that Wood's model was able to recognize the shape of the lactation curve from pooled data (r 2 = 0.11; P < 0.01), with the lactation peak occurring at 48 d. Individual curves showed wide variability.
INTRODUCTION
In recent years, there has been increasing interest in the milk of donkeys, which is considered as a hypoallergenic substitute for children affected by cow's milk protein allergies (1.8 to 7.5% of the infant population; Høst, 2002) or multiple food intolerances (Monti et al., 2007) , as a good candidate for use in probiotic foods (Coppola et al., 2002) and cosmetics (Chiofalo et al., 2006) , and as a promising nutraceutical for the elderly (Tafaro et al., 2007) . In Italy, these potential uses of donkeys have reversed the trend of a decreasing donkey population, with an increase of 30% in the last 5 yr (Coldiretti, 2009) . Thus, knowledge about donkey milk yield and extraction traits is of key importance to refine techniques related to jenny breeding and milking management.
The nonlinear Wood's model (Wood, 1967) is widely used to fit lactation curves (Macciotta et al., 2005; San-tos and Silvestre, 2006) . In jennies, few data are available on milk yield (Salimei et al., 2005; Giosué et al., 2008) , no data exist regarding lactation curve, and data on the process of galactopoiesis and the udder-filling pattern during lactation are limited.
Equids exhibit a decreased storage capability (2 L in mares) compared with ruminants (Le Du, 1986) , and their natural behavior is characterized by a decreased suckling frequency (Doreau and Martuzzi, 2006) . Overall, compared with ruminants, equids require a greater number of milkings per day with a shorter interval between the milkings.
This study examined the milking management of jennies to optimize milk yield and avoid alteration of udder health. We hypothesized that a reduction of daily milkings combined with a suitable milking interval and time could improve the milk yield of jennies.
The aims of this study were to evaluate whether the nonlinear Wood's model can fit dairy data for jennies to describe their lactation curve and the effects of the daily number of, intervals between, and times of milkings on the yield and quality of milk and udder health.
MATERIALS AND METHODS
The experiments were conducted according to protocols approved by the Italian Minister for Scientific Research in accordance with European Commission regulations.
Animals, Location, and Management Conditions
This study was carried out in the Martina Franca donkey, a domestic autochthonous donkey breed of southern Italy. This breed has been greatly appreciated for its tall stature (132 to 150 cm in height; Pelosi et al., 1998) . Its typical breeding area is in Mediterranean woody scrublands at altitudes of more than 400 m, where there is cold and rainy weather during winter and humid conditions in summer (Pagano et al., 1999) . The Martina Franca donkey breed has been considered useful for the production of hybrids in the past. In Italy, the breed is used mainly in an amateur context, but different potential uses (recreational, pet therapy, milk, and meat production) are developing.
Three experiments were carried out in southern Italy (southeastern Murgia, Apulia region, 40°37′20′′ latitude, 60°17′44′′ longitude) on a total of 52 healthy adult jennies aged from 5 to 18 yr with an average BW of 320 ± 30 kg and BCS of 3.0 to 3.5 (scale 0 to 5; The Donkey Sanctuary, 2007) . The animals were farmed in a semiextensive system based on a pasture (7 to 10 h of grazing) consisting of natural scrub of Ligustrum vulgare L., Arbustus unedo L., Pistacia lentiscus, Quercus ilex L., Fraxinus ornu, and Cistus spp., with oat supplementation (2 times per day; 2.0 to 2.5 kg of grain•d −1
•jenny −1 ) and water provided for ad libitum intake.
After a period of training, milking was carried out daily using a modified mechanical sheep milker in the presence of the foal. The foals were separated from the dams before milking and placed in an adjacent box to allow visual contact, thus preventing them from sucking milk during the experimental milking intervals. After removal the foals, jennies were subjected to rapid mechanical milking to empty their udders. The mechanical milker was set using the following running parameters: vacuum level 42 kPa, pulse ratio 50%, and pulse rate 120 cycles/min. The milking routine included teat cleaning and dipping teats in a sterile iodine solution. The individual milk yield per milking was measured by means of graduated measuring cylinders. The milkings were followed by free suckling of foals. Thus, the interval between foal removal from the dams and the initiation of milking was considered to be the milking interval.
Exp. 1
The purpose of this experiment was to apply Wood's model (Wood, 1967) to evaluate lactation curve shapes in Martina Franca jennies. Twelve multiparous jennies approximately 8.2 yr in age (SD = 2.4) were selected based on homogeneity of their foaling dates. The animals were milked once a day from the first to the eighth month of lactation (from 15 to 245 d postpartum), adopting an interval of 3 h from foal separation from the dams to the initiation of milking. The individual daily milk yield from the 2 half udders was measured. Wood's model (1967) was then applied to fit the milk yield data obtained during the lactations of the 12 jennies. The lactation of each jenny was also analyzed as follows:
where Y is the milk yield on day t of lactation; e is the mathematical constant; a is the constant initial yield level; b is the rate of increase to the peak; c is the rate of decline after the peak, and the peak in days (t) is given by b/c (t = b/c). The goodness of fit with testday records was assessed using the adjusted R 2 (Macciotta et al., 2005) .
The total milk production of individual lactations was calculated using the official Fleischmann method, according to the following expression (Franci et al., 1999) :
where Y is total milk production; y 1 and y i are the yields on the first and ith test days, respectively (i = 1, ..., k − 1); and t 1 and t i are the times (in days) from foaling and the ith test day, respectively.
Exp. 2
The objective of this trial was to evaluate the effects of the number of milkings and interval between milkings on mean milk yield and udder health. A total of 20 jennies were used. The trial lasted 20 d and was performed during the fourth lactation month of the jennies. The animals were subdivided into the following 4 homogeneous groups (n = 5), which were balanced with respect to age, BW, and BCS: 1 × 3H, which was milked once a day at 1200 h with a 3-h interval as time between foal removal from the dams and the beginning of mechanical milking; 3 × 3H, which was milked 3 times per day at 0900, 1200, and 1500 h with a 3-h interval; 3 × 2H, which was milked 3 times per day after a 2-h interval, beginning at 0900 h; and 6 × 2H, which was milked 6 times per day with a 2-h interval, beginning at 0900 h. During the experimental period, the foals were supplemented with a commercial feedstuff (Optima Plus Fohlenstarter, Mühldorfer Italia, Terlano, Bolzano, Italy).
To monitor the udder health of the jennies, individual milk samples were collected at the beginning (d −1 and 0) and at the end of the trial for 3 d, and the somatic cell count (SCC) was determined using an automatic cell counter (Fossomatic 360) . The values obtained were log 10 transformed to normalize the SCC distribution.
Exp. 3
The aim of this experiment was to evaluate the effects of the interval and time of daily milking on the yield, gross chemical composition, and sensory characteristics of milk and udder health in Martina Franca jennies. Physiologically, this experiment was aimed to evaluate the udder filling capacity and to assess the hypothesis of a circadian rhythm being involved in milk secretion.
A total of 20 jennies in the fourth to fifth lactation months were subjected to twice-daily mechanical milking (2 ×). The trial lasted for 20 d. The animals, balanced with respect to age and selected for foaling date homogeneity, were subdivided into the following experimental groups (n = 5 per group): 2 × 3H, milked at 1200 and 1900 h with an interval of 3 h; 2 × 5H, milked at 1200 and 1900 h with an interval of 5 h; 2 × 8H 1 , milked at 1200 and 2200 h with an 8-h interval; and 2 × 8H 2 , milked at 0700 and 1900 h with an 8-h interval. In the last group, milking took place at 0700 and 1900 h to assess the hypothesis of a circadian rhythm being involved in milk secretion.
To be ensure that the udder was completely empty at the beginning of the milking interval, the jennies were subjected to rapid mechanical milking. For example, for the 2 × 3H group, which was milked at 1200 and 1900 h with an interval of 3 h, the jennies were separated from their foals and subjected to rapid mechanical milking at 0900 and 1600 h, respectively. During the experimental period, the foals were supplemented with a commercial feedstuff (Optima Plus Fohlenstarter, Mühldorfer Italia).
Chemical Composition
Individual milk samples from the morning and evening milkings were collected from the 2 × 3H, 2 × 5H, and 2 × 8H1 groups over the last 3 trial days. Milk from the 2 daily milkings was pooled, split into different aliquots, and preserved appropriately until analysis. The content of fat, CP, and lactose was analyzed using an infrared milk analyzer (Milkoscan 6000) previously calibrated for donkey milk according to the 141C standard (FIL-IDF, 2000) .
Sensory Analysis
Descriptive sensory analysis was carried out on the milk collected at 1200 h on d 20 of the trial from the 2 × 3H, 2 × 5H, and 2 × 8H1 groups to evaluate its basic taste and to assess the odor, color, and flavor of the milk. A group of 9 habitual donkey milk consumers were trained and used as panelists to evaluate organoleptic properties of the milk. During training, a total of 14 descriptors were selected for the descriptive analysis. The milk samples were evaluated at room temperature using the following descriptive terms for each sensory variable: taste (sweet, astringent); odor (fresh milk, fruity, floral, jenny, herbaceous, fresh grass); density (dense); flavor (hay, almond, jenny, fresh grass); and color (white). A 10-point scale (0 to 9) was used to assess sensorial characteristics where 0 = attribute not detected and 9 = attribute extremely strong. The overall acceptability rating was measured on 9-point hedonic scale where 1 = disliked extremely, and 9 = liked extremely.
Milk Hygiene and Udder Health
Over the last 3 trial days, milk hygiene and udder health were monitored individually through assessment of the total bacteria count (TBC) for the milk using flow cytometry technology in an automated bacteria counter (Bactoscan FC), SCC analysis (Fossomatic 360), a clinical evaluation of the udder aimed at detecting possible alterations of the organ (impaired teat surface, hard udder texture, and udder shape; Klaas et al., 2004) and udder skin temperature measured at 4 opposite and symmetrical sites as an index of inflammatory processes (Berry et al., 2003) .
Statistical Analysis
All data were analyzed by the GLM model for repeated measurements ANOVA (SAS Inst. Inc., Cary, NC). For Exp. 1, the fixed effects included the day of lactation (d 1 to 245) and the side of the udder (2 levels: right and left), with residual error being individual within a given day of lactation. For Exp. 2, a GLM procedure was used in analysis of the milk yield per milking, total milk harvested per day, and SCC. The SCC values were log 10 transformed to normalize their distribution. The fixed effects included the number of milkings (3 levels: 1, 3, and 6 milkings per day, with the error term being individual within a given milking number), the milking interval (2 levels: 2 and 3 h, with the residual error being the error term), their interaction, and the random effects of individual and residual. Means were compared using Scheffé's test. Data were presented as means ± SE. For Exp. 3, a GLM procedure was used in analysis of the milk yield per milking, total milk harvested per day, milk composition, SCC, TBC, and udder skin temperature. Data on the milk yield per milking and milk harvested per day were analyzed considering the milking interval (3 levels: 3, 5, and 8 h, with the error term being individual within a milking interval), milking time (4 levels: 0700, 1200, 1900, and 2200 h, with the residual error being the error term), their interaction, and the random effects of individual and residual. Data on milk composition, SCC, TBC, and udder skin temperature were analyzed considering the milking interval (3 levels: 3, 5, and 8 h, with the error term being individual within a milking interval) as the source of variation. Logarithmic transformations (log 10 ) of SCC values were used in statistical analysis, and data were presented as means ± SD. The differences among means were compared by Student's t-tests.
Sensory data were normalized, standardizing each assessor by their SD to reduce the effect of the different use of the scale (Naes, 1991) . Analysis of variance with the milking interval (3 levels: 3, 5, and 8 h) as the main effect was employed, with panelists as repeated measures (Chapman et al., 2001) . Differences among experimental milking regimens were tested using Duncan's test. The results were considered significant when P ≤ 0.05.
RESULTS

Exp. 1
No differences were found in milk yield between the right and left half udders of the jennies, whereas the effects of the day of lactation and individual were significant (P < 0.01).
The lactation curves obtained from milk yield data through application of Wood's model are presented in Figures 1 and 2 . For the pooled data set, the adjusted R 2 value was 0.11 (P < 0.01). The peak of lactation based on modeling of pooled data was reached at 48 d (Figure 1) . A wide range of peak times was observed among the individual curves (Figure 2 ). Most jennies (42%) showed a peak from 64 to 73 d of lactation, whereas the peak occurred from 47 to 57 d in 25% of jennies, at 24 d in 16.7%, and at 82 d in another 16.7%. It is noteworthy that the earliest peak lactation time (d 24) corresponded to the greatest total milk yield (98 to 121 L; data not shown), whereas the latest peak (d 82) corresponded to the least yield (43 to 48 L; data not shown). The pooled total milk yield estimated by the Fleischmann method (66.53 L) was underestimated compared with the real production (77.46 L; P < 0.05).
Exp. 2
Milk yield per milking was affected (P < 0.01) by the number of milkings and their interval. The 3 × 3H group exhibited in a greater (P < 0.01) milk yield per milking compared with the 3 × 2H group (Table  1) . Additionally, milk production per milking increased (P < 0.01) with the increase from 1 to 3 milkings per day (Table 1) , and the values for this variable varied widely (40 to 1,640 mL; Table 1 ). An increase from 3 to 6 milkings per day with a 2-h interval did not improve the milk yield per milking, with similar results being obtained for the 2 milking schedules (325.5 vs. 282.3 mL/milking; P > 0.05; Table 1 ). No significant difference was found in the SCC between the 1 × 3H and 2 × 2H groups (18.3 ± 3.2 and 21.0 ± 5.1•1,000 cells•mL −1 , respectively; data not shown). The total volume of milk harvested per day was greater (P < 0.05) in the 6 × 2H group than in the 3 × 2H group (Table 2 ). Across the 6 milkings, the least milk was collected in the first milking (P < 0.05; Table 2 ). The SCC value of milk was greater (P < 0.05) in the 6 × 2H compared with the 3 × 2H group (63.2 vs. 17.5•1,000 cells • mL −1 ; P < 0.05; Table 2 ).
Exp. 3
The interval between milkings affected the milk yield (P < 0.01). A longer milking interval (8 h) resulted in an increase (P < 0.01) in the milk yield per milking compared with the 3-h interval (Table 3) . Milking time also affected milk yield (P < 0.01). Greater milk yields (P < 0.01) were observed during the morning milking compared with the evening milking (+10.5, +15.6, and +18.6% with 3-, 5-, and 8-h milking intervals, respectively; Table 4 ). Moreover, the milking performed at 0700 h (2 × 8H 2 ) resulted in the maximum milk yield per milking (1,416.9 mL), which was greater than the yields of milkings carried out at 1200 h (2 × 8H 1 ; P < 0.05), 1900 h (2 × 8H 2 ; P < 0.01), and 2200 h (2 × 8H 1 ; P < 0.01; Table 5 ). Furthermore, the 2 × 8H 2 group, in which twice-daily milking (0700 and 1900 h) and an 8-h interval were used, exhibited the maximum milk harvested per day (2,572.3 mL; P < 0.05; Table 6 ).
The milking interval affected the milk fat and lactose content (P < 0.01). The milk fat percentage was greater for the 3-h milking interval and decreased (P < 0.01) when a 5-h interval was used; no change was observed between the 5-and 8-h interval groups (Table  7) . Lactose content followed the same trend, reaching its maximum amount when a 3-h milking interval was employed and decreasing (P < 0.01) to a constant amount for the 5-and 8-h intervals (Table 7) . Milk protein content did not differ according to the milking interval (Table 7) .
Additionally, the SCC was affected by the milking interval (P < 0.05). The SCC was similar for the 3-and 5-h milking intervals (6.05 and 7.39•1,000 cells•mL −1 , respectively) but increased when an 8-h interval was used (9.05•1,000 cells•mL −1 ), with a significant difference being detected compared with the 3-h interval (P < 0.01; Table 8 ).
The milking interval did not affect either the milk TBC or the mean skin temperature monitored at 4 sites on the udder. The values of these variables remained within their normal ranges (TBC: 10 to 11•1,000 ufc•mL −1 ; udder temperature: 37.0°C; Table 8 ). The sensory analysis profiles of the milk are reported in Figure 3 . The milking interval affected (P < 0.05) organoleptic characteristics of the milk. Overall, the best characteristics, expressed as overall acceptability, corresponded to milk collected with a 3-h interval (8.5; P < 0.05; data not shown), in which an odor of milk or grass and a flavor of almond were more pronounced (P < 0.05) than they were in milk collected using 5-or 8-h intervals (overall acceptability of 7.6 and 7.2, respectively; data not shown). Animal odor (jenny) and astringent taste were more pronounced (P < 0.05) when a 5-h milking interval was employed.
DISCUSSION
In the investigation of the application of Wood's model to evaluate lactation curve shapes in Martina Franca jennies (Exp. 1), we considered a lactation length of 245 d because weaning commonly occurs at approximately 6 to 8 mo. According to pooled data, the peak of lactation was reached at 48 d, followed by a slow decline. This study represents the first report of lactation curves in jennies obtained through application of a mathematical function such as Wood's model. A previous study proposed a trend of milk production in jennies on the basis of productive data and indicated that the greatest milk production takes place at 30 and 60 d of lactation (Salimei et al., 2005) . In mares, the maximum milk yield has been reported to occur from d 45 to 50 (Santos et al., 2005; Doreau and Martuzzi, 2006) , whereas in another study, an increasing milk yield was observed until the second month of lactation (Doreau and Boulot, 1989) ; these results likely differ as a result of using different analytical methodologies. The poorly fitting performances found in this study for donkey milk lactation may be due either to the model function used or to a marked predominance of random perturbation over the continuous and regular component (Macciotta et al., 2005) . (Wood, 1967) 
where Y is milk yield on day t of lactation, e is the mathematical constant, a is the constant level of initial yield, b is the rate of increase to peak, c is the rate of decline after peak and peak in day (t) (Wood, 1967) 
, where Y is milk yield on day t of lactation, e is the mathematical constant, a is the constant level of initial yield, b is the rate of increase to peak, c is the rate of decline after peak, and peak in day (t) is given by b/c (t = b/c). Data shown are b = rate of increase to peak, and peak in days (Exp. 1).
In the present study, a wide range of peak times was observed for individual curves. The wide range of individual lactation peaks and the significant difference between yields estimated by the Fleischmann method and actual milk yields from pooled data may be attributed to high individual variability caused by the total absence of genetic selection for this productive purpose in the Martina Franca breed. Further investigations using more data will be required to better define a mathematical methodology for estimation of milk yield in jennies.
The results from Exp. 2 showed that an increase in the number of daily milkings can improve milk yield, within certain limits. Although the increase from 1 to 3 milkings per day resulted in an increased milk yield per milking, the further increase to 6 milkings did not exert any positive influence on the amount of milk produced. These findings are in agreement with those of other studies on the Ragusana breed, in which a positive influence of a greater number of milkings per day on milk secretion was found associated with a change from 2 to 3 milkings per day (Alabiso et al., 2006) . According to several authors, frequent milking can increase milk yields in cows (Bar-Peled et al., 1995; Wall and McFadden, 2008) , ewes (Labussière, 1988; Negrão et al., 2001) , and goats (Capote et al., 1999; Salama et al., 2003) , which is a phenomenon that can be attributed to increased differentiation, proliferation, and activity of mammary cells (Bar-Peled et al., 1995; Sanders et al., 2000; Hale et al., 2003) as well as increases in the concentrations of multiple hormones, including prolactin (Bar-Peled et al., 1995), a candidate systemic regulator of the effects of frequent milking on milk yield (Dahl et al., 2004) .
In contrast, when 6 milkings per day were performed, the milk yield per milking showed no improvement compared with that for the 3 milkings per day regimen. Similarly, in Ragusana jennies, increasing the number of daily milkings to 8 did not improve milk yield (Alabiso et al., 2009). There is no evident explanation for this finding considering that multiple milking regimens should more closely mimic the natural maternal behavioral routine of the jennies. In equine species it has been reported (Doreau and Martuzzi, 2006 ) that foals suckle approximately 70 times per day at birth, 30 times per day at 1 mo, and 25 times per day at 4 mo with an 80-to 90-s suckling duration (Ellendorff and Schams, 1988) . In cows it has been reported that 6 milkings per day do not increase milk production in comparison with 3 milkings per day (Fernandez et al., 2004; VanBaale et al., 2005) . A possible explanation for this could be that the mammary gland of the donkey is especially responsive to frequent milking during early lactation (BarPeled et al., 1995; Stelwagen and Knight, 1997; Hale et al., 2003) , probably because there are more secretory cells in the gland with a greater potential for secretion in response to the stimulus of milking.
Furthemore, a milking regimen of 6 daily milkings had a negative influence on the health of the mammary gland, as demonstrated by the increased SCC compared with the regimen of 3 milkings per day. This is consistent with results obtained in Ragusana jennies indicating an increase in the SCC under a regimen of 8 vs. 2 milkings per day (Alabiso et al., 2009 ). Both studies indicate that an increase in the number of milkings per day represents a more stressful condition for udders.
Under the 6 milkings per day regimen, the least milk was harvested during the first milking. This finding is in agreement with studies carried out in other breeds. On the basis of observation in nursing mares (Glade, Within the same column, means without a common superscript differ (P < 0.01). 1 Time from removal of foals from the dams plus rapid milking to milking. Table 2 . Effects of number of milkings per day with a 2-h (2H) interval on milk yield and somatic cell count (SCC; means ± SE) in jennies (Exp. 2) Within the same row, means without a common superscript differ (P < 0.05).
1 Six (6 ×) or 3 (3 ×) milkings per day. 1991), this phenomenon has been attributed (Salimei et al., 2004; Alabiso et al., 2005; Giosué et al., 2008) to the adaptation of the dam to the suckling rhythm of the foal. However, a thorough analysis of the systems regulating milk production in the jenny is required because it has been reported that a circadian rhythm for suckling has not been observed in free-ranging mares (Salimei et al., 2004) .
The results of the current study indicates that milking interval affects milk yield, with a significant improvement being observed when the interval is increased from 2 to 3 h. Likewise, in mares, milking performed 3 h after the separation foals from their dams results in a high milk yield (Drogoul et al., 1992) .
Additionally, our results indicate that there is high individual variability in milk yield, attributable to the absence of genetic selection for milk production in this species, as reported by other authors (Salimei et al., 2005; Alabiso et al., 2009) .
Experiment 3 was aimed to extend and deepen our understanding of the effects of the milking interval and time of milking on jenny milk production. The results indicated that milk secretion and milk components were affected by the milking regimen. Extension of the milking interval from 3 to 8 h caused a 28% improvement in milk yield, in agreement with the results obtained in the Ragusana breed by increasing the milking interval from 3 to 6 h (+19%; Alabiso et al., 2009) . For the 5-h milking interval, the milk yield per milking observed in this study of Martina Franca jennies was greater than that reported in the Ragusana breed (0.7 kg; Alabiso et al., 2009) ; this difference is likely attributable to genetic differences or the different experimental conditions employed because the Ragusana jennies were subjected to manual milking, and it is known that mechanical milking is more efficient than manual milking (Le Du, 1986; Caroprese et al., 2007) .
However, the increase in milk yield per milking induced by the longer milking interval of 8 h compared with 3 h corresponded to a decrease in the secretory ability of the mammary gland of 47.6% (data not shown), as measured in terms of milk yield per hour. This phenomenon is difficult to explain. As reported by various authors, this negative effect on milk secretion might be the result of an autocrine feedback regulator (feedback inhibitor of lactation; Labussière, 1993) consisting of casein phosphopeptides (Shamay et al., 2003; Marnet and Komara, 2008) , impairment of tight junction permeability Stelwagen, 2001 ), or increased intramammary pressure and distension of the alveoli, subsequently compromising milk synthesis (Labussière, 1993) . Recently, it has been proposed that serotonin acts as a feedback inhibitor of lactation (Hernandez et al., 2008) .
Our results indicate that the mammary gland of the jenny is able to continue producing milk during an extended milking interval of 8 h, likely due to the ability of the cistern to dilate, leading to a compensatory effect with respect to the decrease in milk synthesis. This finding is in agreement with the results obtained in dairy goats (Peaker and Blatchford, 1988) and in dairy ewes (Labussière, 1988) , in which an increase in Table 3 . Effect of milking interval on milk yield in a mechanical milking regimen of twice-daily milkings (2 ×) in jennies Within the same column, means without a common superscript differ (P < 0.01).
1 3H = milkings at 1200 h and 1900 h and an interval of 3 h; 5H = milkings at 1200 h and 1900 h with a 5-h interval; 8H 1 = milkings at 1200 h and 2200 h with an 8-h interval.
2
Time from removal of foals from the dams plus rapid milking to milking. Within the same column, means without a common superscript differ (P < 0.01).
c,d
Within the same row, means without a common superscript differ (P < 0.01).
1
Time from removal of foals from the dams plus rapid milking to milking.
cisternal storage capacity counteracts the loss of milk production during extended milking intervals. Additionally, in dairy cows, animals with a greater ability to accept cisternal dilatation after 24 h of milk secretion support once-daily milking compared with twice-daily milking (Stelwagen and Lacy-Hulbert, 1996; Stelwagen and Knight, 1997; Davis et al., 1998) . A report on ewes (McKusick et al., 2002) indicates that after 20 and 24 h of milk accumulation, cisternal volume resumes enlargement, enabling transfer of milk from the alveoli to the cistern, and thus counteracting reduced milk synthesis. These results led us to hypothesize that 8 h is not the maximum milking interval limit for increasing milk yields in jennies because milk secretion should continue until maximal udder capacity is reached.
Overall, our results indicate that a milking regimen of twice-daily milkings with an 8-h interval resulted in the maximum volume of milk being harvested per day (Exp. 3), even compared with the yield obtainable with 6 milkings per day with a 2-h interval (Exp. 2).
Milk yield was also affected by the time of day, with greater values being obtained from morning compared with evening milkings. In particular, the milking performed at 0700 h resulted in the maximum milk yield per milking. This can be attributed to a circadian rhythm being involved in the milk synthesis process, with the greatest secretory activity occurring overnight, as has been shown in rats (+50%; Grigor and Thompson, 1987) . A circadian rhythm in the synthesis of milk constituents has also been reported in Ragusana jennies, with peaks of lactose and fat production being observed at night and a peak of proteins during the day (Piccione et al., 2008) .
Milking interval affected milk composition (Exp. 3). The shortest interval (3 h) resulted in greater contents of fat and lactose, which decreased when a 5-h interval was used and remained constant up to an 8-h interval. This indicates that fat and lactose synthesis in jennies occurs during early udder filling and is not affected by the increase in the milking interval from 5 to 8 h. This is consistent with other reports that have demonstrated a greater milk fat percentage associated with a greater milking frequency (4 h) in dairy ewes (McKusick et al., 2002) , a reduction in milk fat content with an increase in the milking interval (from 8 to 16 h in dairy goats; Salama et al., 2003) , and a decrease in the lactose concentration (2%) in dairy cows subjected to a 20-h milking interval (Ayadi et al., 2003) . Moreover, our findings confirm that milk synthesis in jennies is controlled by a local feedback regulator, as in dairy goats ) and in cows (Hillerton et al., 1990) , and highlight the importance of milk removal through efficient milking because the site of action of the local feedback regulator is the alveolar tissue (Henderson and Peaker, 1987) . The milk protein percentage did not differ in relation to the milking interval, similar to what has been observed in ewes (Nudda et al., 2002; Castillo et al., 2008) . McKusick et al. (2002) reported that milk proteins are probably transferred freely from the alveoli to the cistern because there is less of a need for their removal from the mammary gland compared with fat, perhaps because of small micelles. Overall, it is appropriate to emphasize the importance of a 3-h milking interval in jennies to obtain milk of high quality that is richer in total solids.
A shorter milking interval (3 h) also yielded milk with a better sensory profile, which was characterized by a more pronounced odor of milk or grass and a flavor of almonds (Exp. 3). The differences in the sensory profiles in milk collected using longer intervals may be attributable to spontaneous lipolysis due to stagnation of the milk in the mammary gland (Jellema, 1986) . In ruminants, it has been established that the odor and aroma of milk depend on volatile compounds, such as terpenes, aldehydes, alcohols, and ketones (Weidong et al., 1997; Buchin et al., 1999; Fedele et al., 2000) .
In terms of udder health, a milking interval of 3 h represented the least stressful condition because it yielded the least SSC in the milk, particularly when compared with the 8-h interval (Exp. 3). This is in agreement with the reduced SCC in milk registered in Ragusana jennies milked using an interval of 3 h compared with 6 h (Alabiso et al., 2009 ). An increase in the SCC with decreased milking frequency has also been reported in dairy cattle (Kelly et al., 1998; Hamann and Gyodi, 2000; Remond et al., 2004) , in ewes (McKusick et al., 2002; Nudda et al., 2002) , and in dairy goats (Salama et al., 2003; Komara et al., 2009 ). This increase in the SCC with long milking intervals, which nevertheless has reached a low level in absolute terms, does not appear to be correlated with damage to the mammary secretory cells, but may be attributed to leaky tight junctions between mammary epithelial cells (Stelwagen and Lacy-Hulbert, 1996) . However, tight junctions appear to resume their original state immediately upon milk removal .
No clinical mastitis or variations in the skin temperature of the mammary gland were observed in any of the studied jennies, suggesting that an extended milking interval of up to 8 h had no deleterious effects on udder health (Exp. 3). In dairy cows, the udders have not been found to suffer any mastitis associated with an extended milking interval during lactation (once-daily vs. twice-daily milkings), although milk with a greater SCC is produced (Holmes et al., 1992 ) under these conditions, as in this study.
In conclusion, this study represents the first trial application of a mathematical model to milk yield in jennies. Further investigations will be required to collect more data to better estimate the shape of the lactation curve in jennies.
A milking regimen of 3 milkings per day with a 3-h interval was efficient with respect to providing the greatest milk yield per milking. Neither an increase from 3 to 6 milkings per day nor using a 2-h milking interval exerted a positive influence on milk secretion.
The milking interval affected the yield, composition, and organoleptic characteristics of the milk obtained, as well as the udder health of the jennies. A milking interval of 8 h increased milk yield (by approximately 28%), and thus, the 2 × 8H 2 milking regimen of twicedaily milking resulted in the maximum volume of milk being harvested per day. This value was greater compared with that obtained with a regimen of 6 milkings per day and a 2-h interval.
Our results seem to indicate that jennies have the ability to dilate their cistern to store milk, which compensates for the decrease in milk synthesis (about 47%) resulting from the filling of the udder over a period of up to 8 h. Further studies focusing on the mechanisms regulating milk secretion and the milking interval are required in jennies.
Under a twice-daily milking regimen, milking intervals of 5 and 8 h caused a decrease in the milk fat and lactose contents. Based on the richness in total solids, sensory characteristics, and SCC of the milk obtained, the 3-h interval was found to be most appropriate to produce high-quality milk.
Additionally, milking time affected milk yield. A greater yield was obtained in morning compared with evening milkings, with the greatest value for the milk yield per milking being observed at 0700 h, indicating a circadian rhythm in milk secretion processes.
The finding that a greater production level is obtainable by performing few milkings per day with a long Within the same column, means without a common superscript differ (P < 0.01).
1 Twice (2 ×) daily milking. 3H = milkings at 1200 h and 1900 h and an interval of 3 h; 5H = milkings at 1200 h and 1900 h with a 5-h interval; 8H 1 = milkings at 1200 h and 2200 h with an 8-h interval.
2
Time from removal of foals from the dams plus rapid mechanical milking to milking. Within the same column, means without a common superscript differ (P < 0.01). 1 Twice (2 ×) daily milking. 3H = milkings at 1200 h and 1900 h and an interval of 3 h; 5H = milkings at 1200 h and 1900 h with a 5-h interval; 8H 1 = milkings at 1200 h and 2200 h with an 8-h interval.
2 Time from removal of foals from the dams plus rapid milking to milking.
milking interval may be of great importance in terms of breeding techniques because it could result in a higher standard of living for farmers.
